Objective: To see whether action and object processing across different tasks and modalities differs in brain-injured speakers of Chinese with varying fluency and lesion locations within the left hemisphere. Method: Words and pictures representing actions and objects were presented to a group of 33 participants whose native and/or dominant language was Mandarin Chinese: 23 patients with left-hemisphere lesions due to stroke and 10 language-, age-and education-matched healthy control participants. A set of 120 stimulus items was presented to each participant in three different forms: as black and white line drawings (for picture-naming), as written words (for reading) and as aurally presented words (for word repetition). Patients were divided into groups for two separate analyses: Analysis 1 divided and compared patients based on fluency (Fluent vs. Nonfluent) and Analysis 2 compared patients based on lesion location (Anterior vs. Posterior). Results: Both analyses yielded similar results: Fluent, Nonfluent, Anterior, and Posterior patients all produced significantly more errors when processing action (M ϭ 0.73, SD ϭ 0.45) relative to object (M ϭ 0.79, SD ϭ 0.41) stimuli, and this effect was strongest in the picture-naming task. Conclusions: As in our previous study with English-speaking participants using the same experimental design (Arévalo et al., 2007 , Arévalo, Moineau, Saygin, Ludy, & Bates, 2005 , we did not find evidence for a double-dissociation in action and object processing between groups with different lesion and fluency profiles. These combined data bring us closer to a more informed view of action/object processing in the brain in both healthy and brain-injured individuals.
Differential processing of action and object concepts has long been a topic of investigation-as well as controversy-in the literature. One question driving this line of inquiry is whether inherent differences in action versus object concepts result in the recruitment of distinct cortical regions. Specifically, it has been suggested that since anterior cortex houses motor functions, the processing of action concepts might recruit more anterior regions, while posterior, more sensory regions would support the processing of object concepts. These dissociations have been tested frequently in neurologically impaired patients by assessing their ability to use the verbs and nouns that represent action and object concepts. Results of these studies have been equivocal. Some report a dissociation of worse performance on verbs in patients with anterior lesions and worse performance on nouns in posteriorlesioned patients; other studies do not find this dissociation, but rather, find that action/verb processing is more difficult in all brain-injured patients.
One opportunity to test the reliability of purported action-object dissociations is to examine them in brain-injured individuals across different modalities (e.g., picture naming, word reading, or word repetition) as well as across different languages and cultures. In a previous study conducted in English (Arévalo et al., 2005 (Arévalo et al., , 2007 , patients performed significantly worse at processing actions versus objects in the picture-naming task only, regardless of lesion location or aphasia classification.
The tendency to represent actions and objects as verbs and nouns has often created confusion in the literature, as the terms have often been used interchangeably. Verbs and nouns, in fact, contain an added processing dimension over actions and objectsgrammaticality-that may add to the complexity of the relationship between these two types of stimuli. In their seminal review paper, Bird, Howard, & Franklin (2003) considered several earlier studies reporting noun/verb dissociations and argued that semantic differences were the real cause behind those dissociations, even in cases where the authors themselves suggested grammatically based distinctions. They based this argument on the observation that these very dissociations can be eliminated by controlling for the semantically driven variable of imageability (for other reports on how matching for specific variables affects word category dissociations see Allport & Funnell, 1981; Bird, Howard, & Franklin, 2000; Jonkers & Bastiaanse, 1998; Luzzatti et al., 2002) . Bird et al. emphasized the fact that verbs and nouns have distinct types of semantic representations, and that the semantic relations between verbs are not as straightforward as those for nouns. Finally, they suggested using single words to test these distinctions, rather than words presented in a sentence context. Here we review work that used both approaches to study the word category distinction, even though the present study did not expressly test the grammatical distinction. Rather, our tasks were designed to specifically target the conceptual/semantic differences between actions and objects.
Over the last few decades, interesting patterns of impairment (and/or recovery) in action versus object naming and comprehension have been reported for several populations of brain-injured patients, including patients with Alzheimer's disease (AD; e.g., Cappa et al., 1998) , frontotemporal dementia (FTD), cortico-basal dementia (CBD; e.g., Silveri & Ciccarelli, 2007; Cotelli et al., 2006; Silveri, Salvigni, Cappa, Della Vedova, & Puopolo, 2003; Rhee, Antiquena, & Grossman, 2001) , as well as aphasia (e.g., Arévalo et al., 2007; Aggujaro, Crepaldi, Pistarini, Taricco, & Luzzatti, 2006; Daniele, Giustolisi, Silveri, Colosimo, & Gainotti, 1994; De Renzi and Di Pellegrino, 1995) . In aphasia, it has been reported that whereas nonfluent (e.g., Broca's) patients tend to display difficulty in processing actions (or verbs) relative to objects (or nouns), fluent (e.g., Wernicke's, anomic) patients display the reverse pattern of impairment (Damasio & Tranel, 1993; Daniele et al., 1994; Zingeser & Berndt, 1990) . However, these reports often pertain to single-case studies. A significant number of studies (some with larger patient groups) have instead reported greater difficulty with actions (verbs) relative to objects (nouns) regardless of aphasia type or lesion site (e.g., Arévalo et al., 2005 Arévalo et al., , 2007 Collina, Marangolo, & Tabossi, 2001; De Bleser & Kauschke, 2003; Han, Bi, Zhou, & Shu, 2007; Kambanaros, 2008; Rhee et al., 2001) . In a study using Voxel-based Lesion Symptom Mapping (VLSM, with left-hemisphere stroke patients, Piras and Marangolo (2007) reported that the anatomical substrate subserving noun and verb naming is represented by a continuous frontotemporal network rather than by segregated modules. It should be noted that across all of these studies, it is almost never the case that patients display a complete loss of function for one category over the other. Reported deficits are almost always of a relative, rather than absolute, nature.
While some English-language fMRI studies targeting the grammatical distinction have reported discrete activations for noun versus verb processing (Shapiro, Moo, & Caramazza, 2006; Tyler, Randall, & Stamatakis, 2008) , most studies (in English as well as in other languages) testing either distinction (nouns/verbs and/or objects/actions) have reported mostly shared, overlapping networks for the two categories (e.g., Perani et al., 1999; Siri et al., 2008; Sörös, Cornelissen, Laine, & Salmelin, 2003; Tyler, Russell, Fadili, & Moss, 2001; Tyler et al., 2003; Vigliocco et al., 2006; Warburton et al., 1996) . Li, Jin, & Tan (2004) used fMRI to test lexical decision in Chinese and found that nouns and verbs activated a wide range of overlapping brain areas in distributed networks, in both the left and right hemispheres. In another fMRI study with healthy participants testing both the noun/verb and action/object distinctions in English, Tyler et al. (2008) found that noun/verb homophones resulted in differential activation only when they were presented in noun or verb phrases (which elicit the words' functional linguistic role), but not when presented as single stems. The authors suggested that differential activations may therefore be a direct result of grammatical complexity and not semantic or conceptual differences. In another study by Siri et al. (2008) , Italian participants were presented with three types of stimuli: infinitive verbs, inflected verbs and action nouns. Activation overlapped for all three stimulus types in the left inferior frontal gyrus, and greater relative activation was associated with increasing linguistic and/or general processing demands: from highest to lowest, the most activation was observed for action nouns, followed by inflected verbs and finally by infinitive verbs. These last two studies suggest that there is considerable overlap in the cortical regions recruited to process action and object concepts, and that differential activations result when there is a difference in relative grammatical and/or general processing demands between stimulus categories. This difference across stimulus categories may be enhanced by the choice of task or simply by an inherent difference in conceptual complexity (as suggested by Bird et al., 2003, see above) .
As suggested by the studies reviewed thus far, the noun-verb or action-object dissociation has been investigated in several different languages, for example, Chinese (e.g., Bates, Chen, Tzeng, Li, & Opie, 1991; Chen & Bates, 1998; Li et al., 2004; Lu et al., 2001) , English (e.g., Arévalo et al., 2005; Caramazza & Hillis, 1991; Damasio & Tranel, 1993; De Renzi and Di Pellegrino, 1995) , German (e.g., De Bleser & Kauschke, 2003) , Greek (e.g., Kambanaros, 2008) , and Italian (e.g., Miceli, Silveri, Villa, & Caramazza, 1984; Perani et al., 1999; Piras & Marangolo, 2007) , among others. Clearly, the study of any type of semantic and/or grammatical distinction is greatly enhanced by the cross-linguistic perspective offered by studying languages which are structurally distinct from one another (Gentner, 2006; Kemmerer & Eggleston, 2010) . In cross-linguistic aphasia research, several studies by Bates and others (Bates & Wulfeck, 1989; Bates, Friederici, Wulfeck, & Juarez, 1988; Bates, Friederici, & Wulfeck, 1987a , 1987b have found that the same aphasic syndrome or classification may look quite different from language to language, and that a patient's performance will seem more similar to that of healthy speakers of his or her language than that of aphasic patients from another language group (Tzeng, Chen, & Hung, 1991) . In other words, evidence suggests that language-specific information is well-preserved in aphasia, making brain-behavior relations even more intriguing and cross-linguistic comparisons highly valuable.
The principal motivation of our group for conducting studies across languages is the fact that results obtained only in one language do not allow us to make proper inferences about brainbehavior correlations and language processing in general, since we cannot rule out the possibility that our observations are languagespecific. Only by creating versions of our tests which are appropriately adapted to different languages and cultures can we begin to tease apart the specificity versus the universality of these observations. This is especially the case when testing languages that are very distant from each other, as is the case of English versus Mandarin Chinese.
Chinese offers a particularly interesting linguistic case in that its grammar does not include verb conjugation or noun declension, phenomena which have previously been used to explain category differences in other languages such as English (e.g., Bates et al., 1991; Gentner, 1982) . Another unique quality of Chinese is that many words are compound words, consisting of two or more sublexical items which may each belong to a different lexical category. For example, the noun "penguin" can be classified as a VN (verb-noun) noun, since it consists of two sublexical units: the verb "stand" and the noun "goose"; likewise, the verb "to smoke" is a VN verb, formed by the verb "light" and the noun 'fire. ' Chen and Bates (1998) and Bates et al. (1991) tested this distinction and found some support for a double-dissociation across patients with different types of aphasia at the sublexical level (but see Zhou et al., 1993 and Bates et al., 1993 for relevant critiques and responses).
The sublexical distinction was not tested in the current study, but this unique feature of Chinese, together with the language's unique script and grammatical rules, highlight just a few of the reasons the Chinese language offers a valuable cross-linguistic contribution to this line of research. Finding dissociation patterns in Chinese which differ from those previously seen in English would naturally lead us to search for the explanation among these cross-linguistic differences. On the other hand, similar performance patterns across such markedly different languages would point to higher-level (i.e., conceptual) variables rather than surface-level features (e.g., grammar), which we would conclude are common even across highly different languages.
Historically, aphasia researchers have described the action versus object distinction both in terms of patients' lesion location (i.e., lesions affecting anterior, motor-related regions vs. lesions in posterior, sensory-related regions) as well as in terms of relative fluency (as implied by their aphasia classification). Some studies have confounded lesion site and fluency status by assuming that nonfluent aphasia is invariably associated with anterior lesions, while fluent aphasia always results from posterior lesions. However, clinical and neurological evidence has shown this not to be a reliable assumption. Thus, in an attempt to best answer the key questions raised by this line of research, we chose to group the patients and analyze their performance according to both fluency and lesion location. Specifically, we asked whether fluent and nonfluent patients would show different patterns of performance for objects versus actions across the three tasks. Similarly, we asked whether lesions in different cortical regions (anterior vs. posterior) would result in different patterns of performance on action versus object stimuli across tasks. In a previous study conducted in English (Arévalo et al., 2005 (Arévalo et al., , 2007 , patients performed significantly worse at processing actions versus objects in the picture-naming task, regardless of lesion location or aphasia classification.
The current study is unique in that we tested the same group of participants on a highly controlled set of stimuli across three different tasks: picture naming, reading, and repetition. If action versus object processing is truly linked to a patient's fluency status or lesion location, then at least one of the tasks in this multidimensional study should uncover this putative double-dissociation. If instead we observe no category dissociations (or a unidirectional dissociation) across tasks, this would suggest that actions and objects are processed at least by partially overlapping networks.
Finally, if any observed dissociations vary significantly across tasks, we would suggest that relative degrees of action versus object processing are best explained by the nature of the particular task(s) (e.g., level of semantic difficulty) rather than by category membership per se.
This last point highlights the importance of testing stimuli across different tasks in order to tease out task-dependent effects from the real question of category differences. The three tasks assessed in this experiment have commonly been used in neuropsychological and neuroimaging experiments and involve different degrees of processing complexity as well as different processing modalities (i.e., visual and auditory). For this reason, the stimulus items used here were previously normed across languages and populations in all three tasks, and are contained in the larger corpus of stimuli used by our lab and others (CRL-IPNP 1 , Bates et al., 2000 .
In decreasing order of difficulty, we rank the three tasks as (a) picture-naming, (b) word repetition, and (c) word reading. Specifically, picture-naming involves the greatest amount of semantic processing, since it requires one to accurately recognize the picture and retrieve the word most commonly associated with it. This process is highly complex and involves several processing stages (e.g., Kambanaros, 2008; Laine & Martin, 1996) . Relative to generation tasks such as picture-naming, word repetition is a less demanding procedure (Péran & Démonet, 2008) , and, just like reading, mostly requires the knowledge and ability to process letter-sound association rules. Relative to reading, however, repetition is arguably more demanding, since the lack of visual input in this task requires one to retain the word in memory (albeit briefly) before producing it. Thus, the current design provides ample opportunity to detect any dissociations that might exist between patient groups on processing actions versus objects and also provides an important cross-linguistic comparison to the work previously conducted in English.
Method Participants
We report data obtained from 33 individuals: 23 individuals with left-hemisphere injury due to stroke and 10 age-and education-matched healthy control participants. Patients were included in the final analyses only if they could complete at least 25% of the task (i.e., accurately respond to at least 30 out of 120 items across all tasks) to ensure adequate levels of comprehension. Four additional patients were tested but did not meet the criteria and were, therefore, excluded from the analyses.
Patients were referred to the experimenters by licensed speech therapists at three hospitals in Taiwan (Shin Kong Wu Ho-Su Memorial Hospital, Taipei Veterans General Hospital, and Hsin Chu General Hospital) and underwent a screening interview. They included only right-handed nondemented individuals with a single, identifiable infarct confined to the left hemisphere (as assessed by the neurologist from each patient's MRI and/or CT scan). They were nine females and 14 males with a mean age of 53 and an average of 12 years of education (see Table 1 for patient information).
All control participants were right-handed and neurologically intact, with no history of dementia or substance abuse. They included six females and four males with a mean age of 49 and a mean education level of 12 years. The patient and control groups were matched on both age, t(31) ϭ Ϫ1.16, p ϭ .25, and education, t(29) ϭ 0.30, p ϭ .76. All participants had normal or correctedto-normal vision, and were screened for hearing impairment with a standard questionnaire and/or with an audiometer. Reimbursements for travel expenses were provided.
In Taiwan, the national language is Mandarin Chinese, yet most people also speak one or more other languages, of which Taiwanese and Hakka are the most common. All participants in our sample reported Mandarin as their native and/or dominant language.
Groups for Analysis
Aphasia classifications for this group of patients were based on a modified Chinese-language version of the Western Aphasia Battery (Kertesz, 1979) developed by the second author, who is a linguist and a native of Taiwan. Because the criteria used to classify patients using this battery in other languages (e.g., English) relies on behavioral characteristics that are not observable in Chinese (e.g., agrammatism in Broca's aphasics), the classifications generated by this test are not applicable to this group of patients. Therefore, for our first set of analyses, patients were divided according to fluency status, resulting in the following groups: Nonfluent patients (n ϭ 12; with a mean fluency score of 4.3 out of 10) and Fluent patients (n ϭ 11; with a mean fluency score of 8.7 out of 10).
For our second set of analyses, we analyzed patient performance based on lesion location, which was determined based on neuroimaging data collected at the time of testing. We chose only to include those patients who had cortical lesions, in order to speak to theories that suggest that category dissociations result from lesions affecting anterior (i.e., frontal lobe) versus posterior (i.e., temporal and/or parietal) regions of cortex. We were not able to obtain lesion information for four of the patients. One other patient had a subcortical lesion, and another group of eight patients had lesions spanning both anterior and posterior cortical regions. Behavioral results are reported for all 23 patients in Table 1 , but the word category x lesion location interaction was restricted to the 10 patients whose lesions were either anterior (n ϭ 6) or posterior (n ϭ 4).
Stimuli
The stimuli included 120 black and white line drawings representing actions (both transitive and intransitive presented in the infinitive form (n ϭ 60) and objects (n ϭ 60), as well as their corresponding written and aurally presented words. These stimuli were drawn from a larger corpus of 795 items (the Center for Research in Language-International Picture Naming Project, CRL-IPNP, Bates et al., 2000 ; http://crl.ucsd.edu/ϳaszekely/ipnp/). All picture and word items were normed with healthy, young speakers B  47%  78%  95%  93%  100%  100%  2  M  36  24  9  F  P  47%  68%  90%  87%  100%  98%  3  M  37  20  9  F  A  20%  55%  90%  80%  87%  78%  4  M  46  55  9  F  P  48%  55%  52%  75%  100%  97%  5  M  41  27  18  F  A  67%  88%  100%  100%  100%  100%  6  M  56  84  16  NF  B  10%  33%  52%  62%  83%  92%  7  F  36  27  19  NF  B  32%  42%  77%  62%  98%  100%  8  F  55  23  9  F  B  60%  73%  87%  88%  93%  90%  9  F  60  12  12  F  B  67%  72%  100%  98%  97%  100%  10  M  45  27  9  NF  P  10%  37%  57%  62%  90%  92%  11  M  49  101  14  F  B  37%  50%  88%  93%  100%  100%  12  M  73  13  6  NF  A  0%  30%  8%  28%  38%  50%  13  F  50  59  9  NF  A  52%  80%  88%  90%  97%  95%  14  M  59  8  9  NF  A  25%  63%  83%  97%  98%  98%  15  F  56  107  16  NF  NI  65%  58%  93%  88%  100%  92%  16  M  48  59  NI  F  P  73%  80%  98%  97%  98%  100%  17  M  65  34  12  NF  B  52%  47%  92%  83%  92%  98%  18  M  67  111  9  F  B  75%  87%  100%  100%  97%  100%  19  F  58  49  16  F  SC  85%  92%  100%  98%  98%  100%  20  F  51  44  6  NF  A  57%  72%  85%  92%  80%  92%  21  F  48  14  14  F  NI  62%  67%  100%  98%  100%  100%  22  M  63  20  12  NF  NI  50%  50%  88%  92%  100%  100%  23  F  73  8  NI  NF  NI  2%  5%  23%  30%  82% of Mandarin Chinese in Taiwan prior to the current experiment, and accuracy and response times from these norms determined item selection for the current study, as described below (for more details, see . Items were presented to each participant in prerandomized orders across the three production tasks. Several authors have written about the difficulties of matching noun and verb names on a number of key variables, such as word frequency, age of acquisition, imageability, and naming difficulty (Bird et al., 2000; Frattali, 2005, and Székely et al., 2005) . Specifically, matching them on any one of these variables inevitably results in a mismatch on at least one of the other variables. Bird et al. (2000) have even suggested that there are insufficient (if any) verbs that are as highly imageable as the kinds of nouns found to be impaired in these types of studies, making controlled/matched testing virtually impossible.
Variable values for the items that make up the CRL-IPNP have been calculated as part of the project and are available on the CRL-IPNP website (http://crl.ucsd.edu/ϳaszekely/ipnp/). Those pertaining to the subset of items utilized in the current study are listed in Appendix A and include the following: mean reaction time (RT) for the dominant response on previous norming studies using the same stimuli and tasks; frequency counts obtained from the Word List with Accumulated Word Frequency (which includes 80,000 words), published by The Association for Computational Linguistics and Chinese Language Processing, based on the text corpus collected by the Institute of Information Science, Academia Sinica, Taiwan; objective visual complexity (OVC) for the picture itself, based on the size of the digitized stimuli picture files (for more details, see Szekely & Bates, 2000) ; and an objective measure of age of acquisition (AoA) collected from 884 Chinese families in Beijing (Hao, Shu, Xing, & Li, 2008) and modeled on the MacArthur Communicative Development Inventories, or CDI (Fenson et al., 1994) . The CDI is collected from parents in a recognition-memory format with a large checklist of words that are likely to be acquired between eight and 30 months, and yields a simple 3-point scale: 1 ϭ words acquired (on average) between 8 and 16 months; 2 ϭ words acquired (on average) between 17 and 30 months; 3 ϭ words that are not acquired in infancy (Ͼ30months). Finally, imageability ratings were obtained from the MRC Psycholinguistic Database (http://www.psy.uwa .edu.au/mrcdatabase/mrc2.html).
In addition, the IPNP includes a difficulty parameter which was determined from the RTs of healthy, college-aged Taiwanese control participants on norming studies using the same stimuli and tasks. We took advantage of this difficulty distinction in order to select a well-balanced set of items based on actual subject responses (mean RT for actions (30 easy/30 difficult): M ϭ 1,142 ms; mean RT for objects (30 easy/30 difficult): M ϭ 1,108 ms; F(1, 1) ϭ 0.37, p ϭ .54. We first "bracketed" the set of possible pictures using response accuracy: here, chosen items needed to have an accuracy score of at least 60% (although most items had an accuracy score above 80%). A subset of these items were then assigned to difficulty bins, where all items with mean RTs of at least two standard deviations above the grand mean were classified as 'difficult,' and items with RTs at least two standard deviations below the mean were classified as 'easy.' Thus, for each group of stimuli (actions vs. objects), we included an equal number of easy and difficult items. As mentioned above, the methodology mirrored that of the English language version of this task (for more details, see Arévalo et al., 2005) . Appendix B lists the means and standard deviations of the distribution of each of these variables in actions versus objects, as well as the t and p values for the comparisons of these variables across the two categories.
Procedure
For the picture naming (PN) condition in the current study, the picture items were presented one at a time on the computer screen; for the word reading (WR) condition, each target name 2 for the selected pictures was presented as a static word on the computer screen, and for the word repetition (WRP) condition, the same target words were presented aurally via two small speakers attached to the testing computer while the screen remained blank. Because action and object stimuli were presented in mixed order, each item was preceded by either the word ("action") or ("object"), in order to indicate the type of item participants were required to produce.
Each participant was instructed to sit in front of the computer and attend to the stimuli, which were presented one at a time in separate lists of 40 items (each list included stimuli from one condition only). Participants first saw the lead-in word and were then required to name the picture, read or repeat the word (depending on the session) that was presented to them. They were asked to respond as accurately as possible into a microphone placed in front of them as each stimulus was presented. They were told that some stimuli would represent objects and others actions, and that these would be in random order. They were also asked to provide their best guess when not sure of the answer.
Three blocks of trials were presented. For each block, participants were presented with 40 items in one condition (e.g., PN), then 40 in another (e.g., WR), and the final 40 in the last condition (e.g., WRP). The lists of 40 were rotated for the second and third blocks, respectively, such that across all three blocks, each participant viewed or heard all 120 items three times, with each item being presented once in each of the three conditions. The order of lists and blocks was prerandomized so that different randomly selected groups experienced different trial orders.
The task was presented using PsyScope (Cohen, MacWhinney, Flatt, & Provost, 1993) and was experimenter-controlled (i.e., the experimenter manually advanced each trial). Three practice items were incorporated at the beginning of each list in order to acquaint participants with the task. If no response was given on a particular trial, an "X" would appear on the screen above the trial number, and the experimenter would then move on to the next trial. Breaks were provided as needed.
Scoring
Accuracy was recorded by the experimenter, who manually wrote down the examinees' responses during the experiment, while response times were automatically recorded by PsyScope. Responses were later verified using tape recordings from each session. Due to a large number of false starts with the brain-injured individuals, RT data were not deemed reliable, and were, therefore, excluded from the analyses. Phonological variations of the target response were considered correct if similar enough to the target word. Specifically, we applied the method used by Martin, Dell, Saffran, & Schwartz (1994) : if at most only two incorrect phonemes were produced and the answer was identifiable by the experimenter, the answer was considered correct.
Results

Analysis 1: Performance According to Fluency
For our analysis based on patients' fluency status, we conducted an analysis of variance within each of the three tasks (PN, WR, WRP), with Group (Fluent, n ϭ 11 vs. Nonfluent, n ϭ 12 versus Controls, n ϭ 10) as a between-subjects variable and Category (actions vs. objects) as a within-subjects variable. As mentioned above, although response times were recorded, these measures were extremely variable and unreliable in the patient groups. Therefore, the dependent variable in this study was accuracy.
Picture Naming (PN)
Within PN, a significant main effect of Group (Non-Fluent, Fluent, Controls; F(2, 30) ϭ 12.61, p ϭ .0001) was found, with Controls displaying the best performance (M ϭ 0.76, SD ϭ 0.09), followed by the Fluent group (M ϭ 0.65, SD ϭ 0.16) and then the Non-Fluent group (M ϭ 0.41, SD ϭ 0.21). There was also a significant main effect of word category, F(1, 30) ϭ 41.56, p ϭ .0001, which revealed that all groups produced significantly more errors when processing action relative to object stimuli (actions: M ϭ 0.53, SD ϭ 0.24; objects: M ϭ 0.66, SD ϭ 0.21).
Of most interest, the Group x Category interaction did not reach significance, F(2, 30) ϭ 1.04, ns, as all groups showed the same pattern of 'actions worse than objects' processing, with no evident dissociation among groups. Figure 1 depicts action versus object processing in PN for all three groups, and the group averages are listed in Table 2a .
Since the Control group also showed a deficit in action-relative to object-naming, we conducted an additional set of analyses in which we first adjusted the patients' scores to the control performance. We did this by creating z-scores: from each patient's average score on actions or objects, we subtracted the mean score for controls and divided the result by the standard deviation of the control score. There was a significant main effect of Group (NonFluent, Fluent; F(1, 30) 
Word Reading (WR)
Within WR, there was also a significant main effect of Group (Nonfluent, Fluent, Controls; F(2, 30) ϭ 6.58, p ϭ .004), with Controls displaying the best overall performance (M ϭ 0.97, SD ϭ 0.04), followed by the Fluent group (M ϭ 0.92, SD ϭ 0.11) and then the Nonfluent group (M ϭ 0.72, SD ϭ 0.26). Unlike in the PN condition, there was no main effect of word category (F(1, 30) ϭ 1.63, ns), as participants did not differ on their reading of action versus object words.
As in the PN condition, the Group x Category interaction for WR was also not significant, F(2, 30) ϭ 0.27, ns, indicating that fluency groups and controls did not differ on their ability to read words from one category versus the other. Figure 2 depicts action versus object processing in WR for all three groups, and the group averages are listed in Table 2a .
Adjusting patients' reading scores did not change the outcome: there was a main effect of Group, F(1, 30) ϭ 10.96, p ϭ .0019, with the Fluent group (M ϭ Ϫ1.14, SD ϭ 2.52) performing better than the Nonfluent patients (M ϭ Ϫ5.87, SD ϭ 6.24). The main effect of category was once again not significant, F(1, 30) ϭ .84, ns, and the groups did not differ from each other on action versus object performance pattern (Fluency x Category: F(1, 30) ϭ 0.34, ns). Table 2a lists the adjusted scores for action versus object word reading in Fluent versus Nonfluent patients.
Word Repetition (WRP)
Finally, within WRP, the main effect of Group did not reach significance (Nonfluent, Fluent, Controls; F(2, 30) ϭ 2.06, ns), revealing that overall performance on WRP did not differ significantly across groups. As in the PN condition, there was a main effect of word category, F(1, 30) ϭ 6.75, p ϭ .01, revealing that category (action vs. object) influenced how items were repeated. However, as in both PN and WR, the Group x Category interaction for WRP was not significant, F(2, 30) ϭ 2.91, ns, indicating that the pattern of action versus object item repetition did not differ across groups. Figure 3 depicts action versus object processing in WRP for all three groups, and the group averages are listed in Table 2a .
The main effect of Group (Fluent, Nonfluent) remained not significant, F(1, 30) ϭ 3.15, ns. As was the case for the adjusted picture naming scores, adjusting patients' repetition scores against controls eliminated the category effect, revealing that patients did Figure 1 . Analysis 1: Groups based on fluency in picture naming (PN), action/object processing for controls (n ϭ 10) and groups based on fluency (12 Nonfluent and 11 Fluent). All groups were less accurate at processing action pictures relative to object pictures, and the group x category interaction was not significant, F(2, 30) ϭ 1.04, ns. Error bars represent standard error of the mean (SEM). not differ on their repetition of actions versus objects, F(1, 30) ϭ 1.69, ns. As in the original analysis, the groups did not differ from each other (Fluency x Category: F(2, 30) ϭ 0.02, ns). Table 2a lists the adjusted scores for action versus object word repetition in Fluent versus Nonfluent patients.
Analysis 2: Performance According to Lesion Location
For our second set of analyses, we compared performance in patients with anterior cortical lesions (Anterior group, n ϭ 6) versus those with posterior cortical lesions (Posterior group, n ϭ 4). As in Analysis 1, Group (Anterior vs. Posterior) was the between-subjects variable and Category (actions vs. objects) the within-subjects variable. Of most interest, the Group x Category interaction did not reach significance, F(1, 8) ϭ 4.46, ns, revealing that both lesion groups showed the same pattern of 'actions worse than objects' processing. Figure 4 depicts action versus object processing in PN for both anterior and posterior lesion groups, and the group averages are listed in Table 2b .
Picture Naming (PN)
With adjusted scores, the main effect of Group (Anterior, Posterior) remained not significant, F(1, 8) ϭ 0.0001, ns, and the patients were no longer significantly worse on action-naming, F(1, 8) ϭ 0.008, ns. Also, the new Group (Anterior, Posterior) x Category (actions, objects) interaction was also not significant, F(1, 8) ϭ 0.34, ns, confirming the finding that different lesion locations do not result in different (i.e., opposite) action versus object naming dissociation patterns. Table 2b lists the adjusted scores for action versus object naming in Anterior versus Posterior patients.
Word Reading (WR)
Within WR, there was no main effect of Group, F(1, 8) ϭ 0.007, ns, or Category F(1, 8) ϭ 2.36, ns, and the Group x Category interaction also did not reach significance, F(1, 8) ϭ 0.006, ns, indicating that lesion location did not influence patients' overall performance or their ability to read words from one category versus the other. Figure 5 depicts action versus object processing in WR for both groups, and the group averages are listed in Table 2b .
Adjusting patients' reading scores did not change the outcome: patients did not differ on their reading of actions versus objects, and the groups did not differ from each other on their performance pattern: Group: F(1, 8) Table 2b lists the adjusted scores for action versus object word reading in Anterior versus Posterior patients.
Word Repetition (WRP)
Finally, within WRP, no main effects or interactions reached significance: Group, F(1, 8) ϭ 1.32, ns; Category, F(1, 8) ϭ 0.19, ns; Group x Category, F(1, 8) ϭ 0.40, ns, revealing that lesion location (anterior vs. posterior) did not differentially influence the ability to repeat action versus object items. Figure 6 depicts action versus object processing in WRP for both groups, and the group averages are listed in Table 2b . Note. PNA/PNO ϭ Picture naming actions/objects; WRA/WRO ϭ Reading actions/objects; WRPA/WRPO ϭ Repetition actions/objects.
As was the case for the adjusted reading scores, adjusting patients' repetition scores did not change the outcome: patients still did not differ on their repetition of actions versus objects, and the groups did not differ from each other: Group, F(1, 8) ϭ 2.49, ns; word category, F(1, 8) ϭ 1.05, ns; Lesion x Category, F(1, 8) ϭ 0.18, ns. Table 2b lists the adjusted scores for action versus object word repetition in Anterior versus Posterior patients.
Unlike several early case studies, this study included a large patient sample and we, therefore, focused primarily on group averages. Along with their group averages, Luzzatti et al. (2002) also conducted single case analyses in order to highlight the presence of "dissociators" within their particular group of patients. Here, we also assessed patients' performance on a case-by-case basis to see if any individuals might have shown dissociations. In order to do this, we first computed the averages and standard deviations for the control group scores within each of the three conditions. Next, we identified those patients whose scores were greater than two standard deviations from the mean in either direction, as these represent patients showing true dissociations (either for processing actions worse than objects or vice versa).
In picture naming, we identified nine 'dissociators', seven of whom named actions worse than objects (patients 1, 3, 6, 10, 12, 13, and 14) , in line with the group average, and two who named objects worse than actions (15 and 17). Of the seven 'actions worse than objects' dissociators, three were nonfluent with anterior lesions, one was nonfluent with a posterior lesion, two were nonfluent with lesions spanning both anterior and posterior cortex, and one was fluent with an anterior lesion. The two 'objects worse than actions' dissociators, on the other hand, were both nonfluent; one had a lesion in both anterior and posterior cortex, and lesion information for the other patient was not available.
In word reading, we identified 10 dissociators, six of whom read action words worse than object words (4, 6, 12, 14, 20, and 23) , and four who read object words worse than action words (3, 7, 15, and 17) . Of the six 'actions worse than objects' dissociators, three were nonfluent with anterior lesions, one was nonfluent with a lesion spanning both anterior and posterior cortex, one was nonfluent with no lesion information, and one was fluent with a posterior lesion. Of the four 'objects worse than actions' dissociators, two were nonfluent with lesions spanning both anterior and posterior cortex, one was nonfluent with no lesion information, and one was fluent with an anterior lesion. Finally, in word repetition, we identified seven dissociators, three who repeated action words worse than object words, and four who repeated object words worse than action words. All three 'actions worse than objects' dissociators were nonfluent; one had an anterior lesion, one had a lesion that spanned both anterior and posterior cortex, and one had no lesion information. Of the four 'objects worse than actions' dissociators, one was nonfluent with no lesion information, one was fluent with an anterior lesion, one was fluent with a posterior lesion, and one was fluent with a lesion spanning both anterior and posterior cortex.
Thus, although we identified a number of patients who showed dissociations in either direction in all three tasks, no consistent pattern emerged to link specific brain regions or fluency profiles to the processing of one conceptual category versus the other.
Post Hoc Analyses
Finally, a set of post hoc analyses were conducted to assess whether certain variables influenced participants' performance on the three tasks. These were word frequency and age of acquisition (AoA) of the target words, and visual complexity of the pictures (relevant for PN). When analyzed together, the only variable that significantly influenced object versus action performance overall (after all other variables were accounted for) was frequency. This was also true when PN was analyzed separately. In WR, the most important variable was AoA, followed by frequency. Finally, in WRP, no one variable seemed to affect naming performance on the different word types. Interestingly, the action stimuli chosen for our sample were significantly more frequent than the object stimuli: actions 4.91; objects 3.72, F(1, 1) ϭ 1542.61, p ϭ .00001. Therefore, high frequency did not seem to influence participants' ability to process the actions, since these were consistently processed less accurately than the objects. Finally, in order to measure the impact of character complexity on the reading portion, we compared the total number of strokes making up the characters for the action and object words and found that the difference between the two word types was significant: actions 12.25; objects 22.33, t(118) ϭ Ϫ8.29, p ϭ .0001. Based on this difference we would have expected object words to be read less accurately, yet once again, this was not the case.
Discussion
Our main goal in this study was to test the notion that actions and objects are processed by distinct brain regions. In order to do this, we tested patients two different ways: (a) according to fluency status (which is inconsistently associated with lesion location, but has previously been used as a predictor of action/verb vs. object/ noun processing ability), and (b) by lesion location (lesions in anterior vs. posterior regions of cortex). Our group previously tested an English-language version of this study with American participants and found that all patients, regardless of fluency or lesion location, were worse at producing actions relative to objects in the picture-naming task (Arévalo et al., 2005) .
The current study tested Mandarin Chinese speakers and provided a valuable cross-linguistic comparison. Chinese offers a particularly interesting cross-linguistic comparison due to its unique lexical structure, script, and grammatical rules. The current results revealed that, similar to the English-language results, neither fluency nor lesion status in Chinese patients predicted patterns of action versus object processing. In fact, overall, all controls and patient groups across both analyses (Fluent, Nonfluent, Anterior, and Posterior) were significantly less accurate at naming action pictures relative to object pictures. However, once patient scores were adjusted to control scores, all dissociations were eliminated. Most importantly, being fluent versus nonfluent or having an anterior versus a posterior lesion did not result in opposite patterns (i.e., double dissociations) of action versus object processing. Group category differences were also not observed for the other two tasks: reading and repetition.
We also searched for individual cases of dissociations in either direction (see Luzzatti et al., 2002) within each of the three tasks. Patients were considered "dissociators" if their scores were greater than two standard deviations from the mean in either direction.
In picture-naming, we identified nine dissociators. The 'actions worse than objects' group consisted of one fluent and six nonfluent patients, as well as four anterior patients, one posterior patient and one patient with a lesion in both anterior and posterior cortex. On the other hand, the 'objects worse than actions' group included two nonfluent patients, one of whom had a lesion spanning both anterior and posterior cortex. Therefore, neither fluency status nor lesion location reliably predicted naming performance on actions versus objects.
In word reading, 10 dissociators were identified. The 'actions worse than objects' group included one fluent and five nonfluent patients, as well as four patients with anterior lesions, one with a posterior lesion, and two with lesions in anterior and posterior cortex. The 'objects worse than actions' group, on the other hand, included three nonfluent patients, as well as one anterior patient, and two patients with lesions in anterior and posterior cortex. Once again, neither fluency status nor lesion location predicted performance on reading action versus object words.
Finally, seven dissociators were identified in the word repetition task. The 'actions worse than objects' group included three nonfluent patients, one with an anterior lesion and one with a lesion in both anterior and posterior cortex, while the 'objects worse than actions' group included one nonfluent and three fluent patients, as well as one patient with an anterior lesion, one with a posterior lesion and one with a lesion in both anterior and posterior cortex. Again, the inconsistency of the single-case analyses does not lend support to the idea that action versus object processing can each be linked to a specific cortical location or fluency profile.
The combined findings from the Mandarin Chinese and American English studies suggest that action/object dissociations may Figure 6 . Analysis 2: Groups based on lesion location. Action/object processing for both lesion groups in repetition (WRP). Both lesion groups followed the same pattern of action versus object word repetition. The group x category interaction was not significant, F(1, 8) ϭ 0.40, ns. Error bars represent standard error of the mean (SEM). be specific to highly demanding word-retrieval tasks (i.e., picturenaming) where the specific word to be produced is not visually or aurally presented to the participant. Under such conditions, most patients will experience difficulty with the category which is conceptually more difficult and which may also be more difficult to depict in certain modalities (e.g., static pictures). Among groups of patients, one can also identify single cases that dissociate in the opposite direction (i.e., objects worse than actions), but such relative dissociations are not consistently linkable to specific brain regions or fluency profiles. Most importantly, these patients do not display a profile opposite that of the rest of the group, which would constitute a double dissociation. Therefore, as suggested by Luzzatti et al. (2002;  who also found dissociations at the group and single case level) the data in this study indicate that category dissociations cannot be taken as proof that actions and objects are stored in functionally and anatomically distinct mental lexicons.
The present study in Chinese, coupled with our previous work in English, provides action/object data for a large sample of patients (n ϭ 44) and healthy controls (n ϭ 30) across two very different languages and utilizing three different tasks. The sampling of a large number of patients provides the unique perspective in which both individual and group performance can be measured. Additionally, finding similar results across very different languages suggests that the findings are not due to the specific lexical/ grammatical characteristics of any one given language. In these two very different populations, opposite fluency and lesion location profiles did not result in opposite action versus object processing patterns in any of three diverse language tasks. These data bring us closer to a more informed view of action/object processing in the brain in both healthy and brain-injured individuals.
Conclusion
Differences in naming and comprehension of action and object stimuli have been widely studied and reported in the neuropsychological literature. The classic notion of an action/object doubledissociation in brain-injured patients has also been reported throughout the years, yet not without controversy. This study supports previous work showing that the complexity of action (relative to object) concepts in tasks with higher processing demands (such as picture naming) may be responsible for the unidirectional dissociation (actions processed consistently worse than objects) often observed in healthy as well as brain-injured populations belonging to various aphasia and lesion profiles. This work also provides valuable cross-linguistic insight into a long-debated question and paves the way for new and interesting ways of investigating the processing of words and concepts.
